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Abstr a ct
The e v apo r atio n丘
.
o mbar e s oilchangesin m e cha nis m as w ella sin m agnitude a nd
proc e eds in thre e stage s a sthe s u rfa c edries. Therefore, o nly the par a m eteri2:atio n
schem esfo rs oil-s urfa c e e v apo r atioJI Whichtake a c c o u ntofthis stage switchingsho uld be
con sidered as r atio nal. A r atio nal p乱ra m eteriz atiorL Of s oiトs1rfac e evaporatio nis
pr opo s ed, in which the switching 舟o m o n e stage to an othe ris dete min ed by the
diffcr e n c ein temperature betw e e n s oils urfa c e a nd s u rfa c eairinthe mi daAe m o o n. The
e v aporatio n rate u nde rdry c o nditio n, orduringthethird stageis param eteriz edby the
D S Lbulk for m ulatio nwhichde m a nds o nly re m otelyse n s ed data Onte mper atu r e ands oil
m oistu r e.
1. Introdl (:一ion
The m e chamim ofe vaporatiozl丘
.
o m bare s oilcha nge s a sthe s oils urfa c edrie s. M o st
c on ventional para m cteriz atio n s che m e sfo r s oil-s u rfa c e e v apor atio n a reba s ed o n the
a ss umptio n stha;t the whole e v apo r atio npro c e ss c a nbe de s cribed by a slngle m odel witho ut
rega rdtothe surfa c edryne s s andthe cha ngein r ate c a nbepr edicted byu singafe wpar am et rs,
su ch as
"
w atera vailability
y '
or
` `
r esita n c e of w atertran spo rt
”
, Ho w ever
,
the s e a ss u mptl O n S are
divo rced&o m reality, e spe cially, u nderdryc onditions.
In thela st c e ntury, alot ofs oilphysicists a nd e nglne e rlng .Chemistshave studied on the
me chanis m ofe v apo r atio n&om , or fordrying of, s oil a nd c o n cluded that the s oil- s ulfa ce
evaporatio npr o c e edsinthr e e stage s asthe s urfa c edrie sO.eJT1 0 n, 1956;fmlel, 1 98 0). T hu sjor
thepara m eterizatio ntobe ratio n al,this stage switching m u stbetake n a cco urlt Of.
This pape rde s cribes a cle ar, objectiv e definitio n ofthe three Stages and a ratio nal
param eterizatior10fthe evapo r ation fi
'
o m bar es oil. T he e v apo ratio n r ate &o m soil witha dry
su rfa c e
,
o rduringthe third stageis form ulatedbythe pa ram eters which ca nbe evaluated by
rem ote s enslngte Cl血que s. T he m ean s of determiningthe stage switchingis alsodis c u ss ed.
2･ Three stage s ofs oiIIStJJ
.fa ce evaporation
The site of vaporiz atio n, or ofphase transfo r matio rl Ofw ater c o n stitute s azone(Phas e
Transfo r m atio nZone, P TZ),thelo c ation andthickn e s s ofwhichc anbe us edtode丘nethethre e
stages ofe v apo r atio nfr o mbar e s oil.
1ststage:PT Zislo c atedat the su rfa c e anditsthickne s sISPractically z e ro;
thatis, com plete vaporizatio n o c cu rs at the s oils urface.
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2ndstage:P TZ islocatedatthe su rface, butits thickne ssis notzero;
thatis, vaporization oc cursals owithinthe soil.
3rdstage :P T Zislo c ated withinthe s oilanditsthickn e s si not zer o;
thatis
,
c o mplete vaporizatio n o c c u rswithinthe s oil.
3. Stru chlr e O書
■
P T A
h PTZ, w ater vapordensityin s oilpor e sde c re a s e s upw ard in line arfa shion. Duringthe
third stage, adry surfa c elayer ofs oil(D S L), in which w ate r m o v e s ex clusiv elyin the vapo r
phas e,isform edbetw een the s urfa c e andP T Z. Thegr adie nt ofw a土e rv apo rde nsltyinthelow er
part of D SListhe s am e as that h P TZ, altho ughthegr adie ntinthe uppe rpart of D SL is n ot
n ece s s arily equaltolitbec a u s ethe m e chanism for w ater vapo rtransfer n e ar the s urfa c emay
diuer丑.o m m ole c ular difRISio n. Thus, the thickness ofP T Zin c r e a s e swi thain cre a s ein the
thickne ss ofDSL.
Soil m oistur e m ove s upw ard in both 1iqu da nd vapo rpha s e sin P T Z･ Ifthe ratio of the
upw ard w ate r伽 Ⅹin
l
theliquidphas eQitothetotalo n eQisde notedby y,i. e .
y = QL/Q (I)
0 <r <1in P T Z, y - Oin D S L, andy - 1below P TZ.
4. M odels
4･1Fir st stage
T he pro c e s s ofsoil･s u rface ev apo r ation duringthe first stage m aybetre ated si mi laryto
tht ofw ater- s urfa c e e v aporatio n･ Thus, the e v apo r atio nrate E]is n e a rlyequaltothepotential
ev apo r ation Ep,i. e.
E) = Ep (2)
4･2Se c ondstage
The s e c o nd stageis atran sitio nstagebeing on the w ay丘
･
o m atm o spher e- c ontr olledto
s oil- c ontrolled ev apo r虹io n･ when the 丘
･
a ction of w et s oils urfa c eto the whole surfa ce by
geo m etric a re a m aybe approxim ately equ alto y(s e e(1)). Thu s, the evaporatio n rate E3 C a nbe
wdtte nin thefo r m
E2 - YEp ＋ (1-7)E3 (3)
whe r eE3isthe ratedu ringthethirdstage, which wi llbegiv e nlate r(s e e4.3), Sin ceE,≪E,,(3)
bec o m e s
E2 =T rEp (3')
413 Thirdstage
Duringthethirdstage, w aterv aporprodu c ed withinP T Zm ovesupw ardthrough D S Land
com e s o ut ofthe surface･ Sin cethe constant-nu又layer ofw ate r vaporis n ot e xpe ctedtodevelop
in the s u rfa c eairlaye r u nderthe s e c o nditons(Ta m aga w a, 1996; Kobaya shiet al., 1996), we
shall fo c u s attentio n on the w ater vaporflu xin DSL.
Usingthete mperatur eTo 侃Jandthe water- consta nt(o n avolu m eba sis)eo(c m3c m
-3
,
%)
inthe upper mo st abo ut2m m ofbar e s oil,the a v e r age water c onte nt ov er a5- c mslab ofs oiljust
belo w the s urfa c e亀 , a nd the w ater c ontent at the bou ndary betw een D S Land P TZ
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(hygrosc opic c o e岱cient, pF-4･5)96 , the evapo r atio n r ate 舟o m s oilwithadrys u rfa c e c a nbe
fo rrnulatcda s
E3 - D
'(Oo - e6)/6 (4)
whereD
'is akindof difRISio n c o etrI Cient(cm
3
s
'l
)a ndis e xpre s s eda sD
'
- CTDnT&), CTbeing a
fa ctorfor n o nis other m al e恥cts(< 1)and D仇ノa function ofTo determin ed･o ntheba sis of
r n olec ulardifRISion. S isthethickn es s ofD S L(cm)andis a sum edtobe e xpr e ss ed byaRln Ctio n
ofOs ,i. e, 6 - 6(6U. eo isals o as s u m edtobe afun ctio n of To and Cs,
Cons equ ently,the rate ofs oil- s urfa ce evapo r atio ninthethirdstage c an be e stim ated&o m
To a nde, which m aybe e valu ated by rem ote s ensingtechnique s, Thisfo r m uhtion willbe caled
the
` `D SLbulkm ethod” .
5. An e x a mp】c ap plic atioJ)
An experiment w a s c onductedin a sa nd 鮎1da土 Kyu shu UJlive rsltytO get the r elatio n s
whichis n e ededto applythe D S Lbulkm ethodto a s oil. TheTottoriDune s a nd w a s u s ed, a nd
allm e a s u re m e nts w ere m ade at abo ut 15 O(JST) wheJlthe s oil-s u rfa c e evapo r atio n c an be
c o n side redas a n e ar ste adystatepro c e ss. The a ctu ale v aporatio rlrate W as m e as ured bythe DSL
m ethod(耳obsya shia ndNagai, 1995),
T he re s ults obtained丘o mthe experim ent are
D｢7J - 7.53呼 (0. 0649 To - 34.8 8) (5)
6(6U - 6･30叩 ｢-O141 亀ノ O7ig. 1) (6)
Ooqo, 亀J - 2. 75＋ 0.02 67ey - 0. 00795 To (Fig. 2) (7)
96 - 1.53
Cr - 0.89 .
6･ EstiTnation of daily evapo r atio nbytheD SI･ btd km ethod
The e v aporation rate E3 e stim ated u sing,fo r e x ample, the r ehtions obtain edaboveisthe
rate at15 00(JS T). Sin c ethe ra:te of evapo r atio n&om s oile血ibits adiurnalv ariado n, itis
nec e ss a ryto clarifythe patte r n of diu rnalcha nge ine v apo r atio nrate a ndtointegrateitino rde r
toget thedailya m o u nt ofe v aporatio n.
Fig.3 sho w sthetim e change s ofthedaily m e an evaporatio nrate Ed机(Ope n Cir cle s), which
is e stim ated ba s ed on fo ur m e a s urem e nts m ade at 0600
,
1000
,
1500a nd 1 900bythe DSL
m ethod
,
a nd ofthe rate at1500 E1500(closedcir cles). On 25 July, the s a nd丘eld w asimigated
with approxim ately5c m of w ater a ndthen al1o wedto dry, the w eathe rbeingflne du ringthe
pehodofstudy25to3 1July, 19 95.
Dottedlines sho w0,3(open squ ares), 0.4(clo s edsqu ar e s)and0,5(opendiam onds)the
rate at1500
,
r espectiv ely. In afew days a氏ertheirrigation,the r atio of Edm tO E1500, denoted by
Rd.n, de cr e a s ed andapproa chedthe value ofO,3 9. This v alue of RJm is c o n sister[t withthe re s ult
obtained atthe H EIF Ede s ertstatio ninthe n o rthw e stofChina(且obaya shia ndNagai, 1995).
AlthoughRd.n Change s with tim e elapsed since the irrigation o r rainfall, the daily
e v aporation 舟o mdrysoilm aybe estim atedfrom a m e a sur e m e nt ofev apo r ation rate m adeinthe
mida氏e moo nbytheD S Lm ethodo rbythe DSLbulk m ethod along with Rd.”.
7･ Dete r mirLatio nofthe stage switchiTIg
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Thc tra n sitio皿 POlntS betw e en the differe nt stage sha v ebe e nin v estlgated by a few
s cierltists (Ids o et al., 1974; v a nBa v el a nd Hillc , 1976). They pointed o ut that albedo
m e a s urem erltS O rdiurnals urfa c ete mperature arr[plitude smightbe effe ctiv eto depict transition s
&o m o n e stageto a n othe r. Inthepre s e nt study,thediffere n c eindiu rn alr angebetw e en su rfa c e
te mper atur e a ndairte mpe r atu re at1.2m height, AdTo - AdT4, a ndthediffereTIC ebetw e en s u rfac e
te mperature a nd air temperature at 1.2m heightin the mi da氏e rno on (15 00 JS T), A T)Bo are
utilized.
Fig14 sho wsthe relationbetw e e nthethickn e ss ofD S La ndA T1500(cr o sses)orAdTo - AdT.
(closed circle s), which w e re obtained in the s and丘eldatKyu shu Universityon cle ardays. W hen
D S L is visible
,
thethirdstage e v aporatio nis o c c ur nng, Fr om the s e res ultsit mightbe c o n cluded
thatifthete mpe ratureditfere n c eATL500islarge rtha n abo utIo℃ o n cle a rdays, thethirdstage
ofsoil-surfa ce ev apo r atio nis alr e ady re a ched･ Duringthe Br st a nd s e c o nd stages D S L is not
fo rm edyet, andso A TLSOOSho uld be s m alerthan s ev ral degre eC, altho ughfew data w e r etaken
be c a u s eD SLw as for medhthe clear
,
mi dafe m o on exc eptim m ediatelya鮎 rimgation o rrainfdl
inthe s and 丘cld.
S. Co nduding re m a rks
M o stpara m eterization s che m e sforsoil-sulfac ee vaporatio nhe retoforein us e arebased on
the c o n c ept thtv aporiz a･tion ofliquid w ater o c curs at the surfa c e andthe effe cts ofthedryingof
s oils u rfa c e c a nbe repre s e nted bys u chpara m eters as
"
w ater a vailability
”
or
"
re sistan c eof w ate r
tr a n spo rt
' '
･ How e v e r
,
in the pr es erlt s chem e, the cha nge inm e chanis m a sthe stage progr e ss e s
w a s a c c epteda s an e s s entialidea.
A n ew par a m eterization ofs oil-s urfa c e evapo r atio nduring the third stage(DSL bulk
m ethod)w aspropo s ed, which de m a ndsthedata on te mpe r atu re ands oilm oistu r etht c a nbe
e v alu atedbyre motes enslng,
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